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Abstract 
Vladimir Ivanovich Vernadsky has only recently become recognised internationally, despite being regarded in Russia 
as one of the greatest names in science of the 20th century. His most important work “The Biosphere” was only 
translated into English in 1997. This work defines the biosphere as a unifying, holistic concept for the earth system at 
a time when reductionism was the main driving motivation in scientific research. Another, as yet unpublished work 
entitled “The History of Natural Waters” also deserves similar attention. This book explores many concepts in 
hydrogeology, geochemistry, and especially biology in which water is described as an integral part of the biosphere. 
Vernadsky also adopted the concept of the ‘Noosphere’ to emphasis man’s role in the biosphere as well as a powerful 
geological agent. His publications also foreshadow the development of WRI as a holistic discipline. 
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1. Introduction 
In their forward to the first English language edition of “The Biosphere” Margulis et al. [1] note that, 
just as all educated westerners have heard of Charles Darwin, Gregor Mendel, and Albert Einstein, so all 
educated Russians know of Vladimir Ivanovich Vernadsky. It is quite remarkable that, despite the 
intellectual contact between scientists in the early 20th century, such a dichotomy and separation of ideas 
took place; few if any of the ‘ground-breaking’ post-war geochemical texts in the English language make 
more than passing reference to Vernadsky’s works or give him recognition.  
The objective of this paper is to bring to further attention of English speaking scientists to the 
remarkable contributions made by Vernadsky and some of his students as well as to recognise his 
influence on the present generation in the field, focusing on low-temperature geochemistry, in relation to 
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the hydrological cycle and providing a holistic view in the natural sciences, within the wider ecosystem 
and in relation to modern issues of society [2]. Now at the 150th anniversary of his birth in 2013, it is 
fitting to fully recognise his fundamental contributions. 
2. Vernadsky’s career  
Vernadsky was educated at St Petersburg University during the heyday of the development of Russian 
science and influenced by outstanding teachers including Mendeleev. On graduation in 1885 he became 
curator of mineralogy and then lecturer at St Petersburg University and was able to travel to and study in 
other European countries, ultimately being able to read 20 languages. During this period he developed 
interests in crystallography and mineralogy, which formed the subject of his masters and doctoral theses. 
In 1897 he was elected a professor of Moscow University and soon after published his first major 
scientific book ‘The Fundamentals of Crystallography’.  
He created a commission on the study of natural resources of Russia at the Russian Academy of 
Sciences in 1915. This commission played a significant role in mineral exploration as well as the 
development of science and the Russian economy. Vernadsky also organised the Ukrainian Academy of 
Sciences and became its first president in 1918-1919. In 1922, Vernadsky founded the Radium Institute in 
Moscow and became its director. At this time he conducted pioneering research on radioactivity in the 
natural environment including early studies of geochronology, as well as some of the first work with 
stable isotopes. He foresaw the opportunities and dangers of these studies, and the responsibilities “to use 
this force for good purposes and not for self-destruction.” 
This was the most creative decade of his career. In 1922, Vernadsky was invited to teach geochemistry 
in Paris at the Sorbonne and based on these lectures published in French the first text in geochemistry ‘La 
Géochemie’ [3], which was later translated into Russian, German, and Japanese (but not English!). He 
then worked at the Marie Curie laboratory where, leading on from ‘La Géochemie’, he developed the 
concept of the biosphere, publishing his book “The Biosphere” [4] in Russian, but then in French in 1929. 
At that time he also wrote extensively on geochemistry, mineralogy, natural waters, circulation of fluids 
and gases within the Earth’s crust, as well as cosmic material. But the central idea for him was a bio-
sphere – the sphere of life and geochemical activity of living matter. Vernadsky founded a Biochemical 
Laboratory (BIOGEL) in Moscow in 1928, which later became the Vernadsky Institute of Geochemistry 
and Analytical Chemistry. 
His unique book ‘The History of Natural Waters’ was published sequentially from 1933-1936  [5, 6, 
7]. Then, after the beginning of the Second World War, Vernadsky was evacuated with his family and 
colleagues-academicians to Kazakhstan only returning to Moscow at the end of August 1943. Since his 
years in Paris he was attracted to the concept of the Noosphere (see below) and his last work [8] was on 
this subject. He died in Moscow on 6th January 1945. 
3. Vernadsly’s biosphere and relation to water 
Vernadsky’s holistic ideas and the role of living matter in geochemical processes may be traced back 
to university days. He was influenced especially by Dokuchaev, who encouraged the investigation of 
nature as a whole but without missing small details that might affect the conclusions. In 1917, one of his 
students N.G. Holodny, began studies on iron bacteria. Vernadsky drew his attention to water from a well, 
enriched by green algae, filaments of which were covered with bright yellow beads. Investigating these 
formations, Holodny established that these had originated from the reproduction and oxidizing activity of 
iron bacteria [9]. This incident was pivotal in Vernadsky’s thinking about water, living matter and its role 
in the earth sciences. He was able to show both experimentally and theoretically that biogenic migration 
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of terrestrial atoms is caused by three interconnected processes - metabolism, growth, and reproduction of 
organisms [10]. Thus Vernadsky developed a complete theory of an organized, dynamic and balanced, 
self-sustaining and spontaneous system, which culminated in “the Biosphere”. In it, he defined its limits: 
“the biosphere includes all the hydrosphere, the upper part of a lithosphere of continents to depths of 2-3 
km, the lower part of the atmosphere, at least to the top border of the troposphere”. Vernadsky therefore 
viewed water as an integral part of the biosphere. Then he introduces the concept that living matter 
transforms the biosphere and the crust, this process involving the “slow penetration into the Earth of 
radiant energy from the sun”. This accounts for the constancy of biosphere processes over geological time 
and across the planet; groundwater containing micro-organisms and organic matter thus is instrumental in 
taking solar energy as well as matter to depth.  
4. Water, water-rock interaction and society 
The concepts in his book ‘The History of Natural Waters’ are precursors of modern 
hydrogeochemistry. At the time, mineralogy and petrography were entirely descriptive disciplines and 
natural waters were not studied with the same vigour. However Vernadsky was struck by the huge 
diversity of natural waters and a unique feature of his approach was to describe water as a series of 
minerals, identifying approximately 530 species of natural waters. His ideas were restricted by the 
limitations of chemical analysis at the time but Vernadsky recognised the complex balance of water-rock-
gas-living matter interaction which gives rise to natural waters’ diversity; every new mineral corresponds 
to a special geochemical type of water [11]. This may be the best way for modern science to understand 
Vernadsky’s thinking – relating hydrogeology to mineralogy, although in later decades geochemical 
evolution of natural waters and the resulting changes in mineralogy (with infinite water chemistries) were 
described as facies and related to the groundwater flow paths. It is fair to claim that Vernadsky, was 
leading mineralogists and geochemists to think in terms of chemical reactions and genesis and water-rock 
interaction. A detailed critique of this book is provided by [2, 11]. 
 
Vernadsky’s ideas are well ahead of the techniques available to him for advancement of the science. 
Thus he was able to recognise the essential disequilibria between water and rocks – as new minerals are 
created and destroyed, rather than the physicochemical equilibria [11]. Above all, the main contribution 
of Vernadsky was the attention to biogeochemical processes in the evolution of water composition: 
“water without life is unknown in the biosphere” [5] and, indeed, he regarded the hydrosphere as part of 
the biosphere. He considered the history of society science and ideas to be part of the history of the 
Earth's environment. Thus, one’s thoughts are not the product of the biosphere: “evolution of species 
passes to the evolution of the Biosphere. However an intensive increase of influence of one species, 
civilised mankind, on the change of the Biosphere can be observed over the last thousand years”. He 
studied humanity as a special geological (cosmic) force transforming the domain of life [12]. These ideas 
stem from his time in Paris (1922-3, where Le Roy and Teilhard de Chardin attended his lectures) and for 
which he introduced the term “noosphere” (or sphere of knowledge), later made popular by Teilhard de 
Chardin [13]. The rapid impact of human influence rapid environmental changes in his lifetime, e.g. to 
areas of lakes and from the intensity of industrial activity also had an influence. His experience of two 
world wars emphasised the destruction potential of humans. He noted the insignificant mass of the human 
brain in relation to planetary mass and mentioned mankind as “a mighty geological force”. His last paper 
[8] was published in English in 1945 [14] in the Scientific American, translated by his son George. In it 
he returned to the question of the noosphere “the stage through which the biosphere is now passing 
geologically… a transfer which is necessary for our sustainable development”. Thus, Vernadsky’s 
concept of the biosphere-noosphere was entirely original in his time and a precursor of James Lovelock’s 
239 W.M Edmunds and A.A Bogush  /  Procedia Earth and Planetary Science  7 ( 2013 )  236 – 239 
Gaia theory [15] and the sustainable development concept [16] some half a century later. It also provided 
the unseen intellectual backdrop to UNESCO's Man and Biosphere programme, to Biosphere 2 [1]. 
5. Conclusion 
It is quite surprising that Vernadsky’s Biosphere was only published in English in 1997 [17] and that 
as yet, his History of Natural Waters remains unpublished outside of Russia. The unique and pioneering 
role of Vernadsky in earth system science has however recently been acknowledged by Grinvald, 
Margulis and others [1]. Some of the reasons for his lack of recognition in the geochemical literature have 
been explored by Pearce [19] and Edmunds and Bogush [2]. One of the reasons was that the holistic idea 
of the ‘biosphere’ created scientific confusion among the prevailing mechanistic, reductionist views in 
western mainstream science [18]. Yet, following the thaw, Vernadsky is increasingly regarded as a figure 
as important as Charles Darwin for our understanding of the evolution of life on the Earth”. 
Finally, the discipline of water-rock (and biosphere) interaction, formulated mainly by one of 
Vernadsky’s students, M.G. Valyashko, with Don White (USA), has provided a forum for international 
dialogue [20] through its WRI Working group. 
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